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MOVER FOR A LINEAR MOTOR SYSTEM

A mover for a linear motor system includes a magnet subassembly. The mover includes a magnetic structure
disposed on at least one side of the magnet subassembly and creating with the magnetic subassembly a resultant
magnetic field. The magnetic structure being centered on the center of the resultant magnetic field. The mover includes
a body structure mounted on or with reference to the magnetic structure to position a physical center of the body structure
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from and the
benefit of U.S. Provisional Application Serial No.
62/362,865, entitled "Transport System Puck Assembly,”
filed July 15, 2016, which is hereby incorporated by ref-
erence in its entirety.

BACKGROUND

[0002] The present disclosure relates generally to
transport systems, and more particularly, to an assembly
for a mover of the transport system.

[0003] There are many types of transport systems that
include movers that move, via rotary motors, linear mo-
tors, pneumatics, or the like, along a path of the transport
system. For example, linear motors may refer to motors
that produce a magnetic field to provide a force to move
a mover along a distance of the motor. Linear motors
may be used in various applications in which an object
is moved, via the mover, from a first location to a second
location along the path. For example, the linear motor
may include stator windings along the path. Current that
flows through the stator windings may drive the mover
via one or more magnets within the mover.

[0004] The mover may include various parts and sub-
assemblies to move the mover along the path. However,
each of the parts and sub-assemblies of the mover may
include tolerances that cause the mover to be calibrated
in an inconsistent manner. Further, the mover may move
to inconsistent locations due to the inconsistencies in the
parts and sub-assembilies.

BRIEF DESCRIPTION

[0005] A summary of certain embodiments disclosed
herein is set forth below. It should be understood that
these aspects are presented merely to provide the reader
with a brief summary of these certain embodiments and
that these aspects are not intended to limit the scope of
this disclosure. Indeed, this disclosure may encompass
a variety of aspects that may not be set forth below.
[0006] In afirstembodiment, a mover for alinear motor
system includes a magnet subassembly, a magnetic
structure disposed on at least one side of the magnet
subassembly and creating with the magnetic subassem-
bly a resultant magnetic field, the magnetic structure be-
ing centered on a detected center of the resultant mag-
netic field, and a body structure mounted on or with ref-
erence to the magnetic structure to position a physical
center of the body structure at approximately the detect-
ed center of the resultant magnetic field.

[0007] In a second embodiment, a method for making
a mover for a linear magnet system, the method includes
assembling a magnet subassembly, disposing a mag-
netic structure on at least one side of the magnet sub-
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assembly to create a resultant magnetic field with the
magnet subassembly, and centering the magnetic struc-
ture on a detected center of amagneticfield of the magnet
subassembly or the resultant magnetic field.

[0008] In a third embodiment, a method for making a
mover for a linear magnet system includes assembling
a magnet subassembly, disposing a magnetic structure
on atleast one side of the magnet subassembly to create
a resultant magnetic field with the magnet subassembly,
aligning a reference feature of the magnetic structure at
a desired location with respect to a detected center of a
magnetic field of the magnet subassembly or the result-
ant magnetic field, and securing the magnetic structure
to the magnet subassembly.

DRAWINGS

[0009] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a perspective view of an embodiment of a
linear motor system that includes a mover that
moves along a path of the linear motor system;

FIG. 2 is a cut away perspective view of an embod-
iment of the linear motor system of FIG. 1 moving
along the path via coiled wire of the linear motor sys-
tem;

FIG. 3is a perspective view of an embodiment of the
mover of FIG. 1 having a body structure;

FIG. 4 is an exploded perspective view of an embod-
iment of the mover of FIG. 3 with the body structure
exploded to show the magnetic structure and mag-
netic subassembly;

FIG. 5is a perspective view of an embodiment of the
magnetic structure and magnetic subassembly of
FIG. 4;

FIG. 6 is an exploded perspective view of an embod-
iment of the magnetic structure and the magnetic
subassembly of FIG. 4;

FIG. 7 is a top view of an embodiment of a top plate
of the magnetic structure of FIG. 4; and

FIG. 8 is a graph of an embodiment of a mapping
curve of the magnetic subassembly and magnetic
structure of FIG. 4.
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DETAILED DESCRIPTION

[0010] Embodiments of the present disclosure relate
to movers, referred to as pucks, of a linear motor system.
The movers may include various parts and sub-assem-
blies that move the mover to a location due to the inter-
action between ferromagnetic materials of the mover and
the magnetic field of the linear motor system. For exam-
ple, amagnetic subassembly of magnets may be coupled
to one another to form a halbach array of magnets in
which a magnetic field is reduced in one direction and
increased in another direction. Each of the assemblies
may be inconsistent from one another due to different
mechanical and magnetic tolerances of the parts and su-
bassemblies. For example, different sized parts may be
used that vary from mover to mover. Because of the in-
consistent assemblies, various movers may move with
respect to the magnetic field to different locations result-
ing in reduced accuracy of the linear motor system.
[0011] Tocompensate forthe inconsistencies between
various parts, the mover may be made using a multi-
piece magnetic structure that is coupled to the magnet
subassembily (e.g., via an adhesive). The magnetic struc-
ture may include a top plate that is physically centered
on a detected center of a magnetic field. By centering
the magnetic structure of the mover based on a detected
center of the magnetic field, each mover may move to
locations consistent with one another due to the applied
magnetic field of the linear motor system.

[0012] Turning now to the drawings, FIG. 1 is a per-
spective view of a linear motor system 10 that includes
a body 12 configured to support one or more movers 14
that move along a path guided by a guideway 16. While
the illustrated linear motor system is straight, in other
embodiments, the linear motor system may include
curves, sharp horizontal and vertical turns, merge and
diverge switching, vertical increases or decreases, and
inverted operation, among others. The linear motor sys-
tem may be used in any suitable application, such as
moving bottles on an assembly line while they are being
filled and capped, moving vials in a laboratory for analy-
sis, moving electronic devices along a production line so
that robots can insert components, and sorting objects
that arrive from a multiplicity of sources and must be de-
livered to appropriate locations. As described in detail
below, each of the movers 14 include ferromagnetic ma-
terials that interact with a magnetic field move the mover
14 to various locations.

[0013] The guideway 16 may guide the mover 14 along
a path from location to location via the magnetic field.
FIG. 2 is a perspective view of the linear motor system
10 in which the guideway 16 includes coiled wire posi-
tioned on or within the base 18 of the guideway 16. While
FIG. 2 shows the coiled wire within the base, this is meant
as an example and the magnetic field may be produce
from coils or magnets within the sides 18. The linear mo-
tor system 10 may include a control system and a power
system. The control system may receive power from the
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power system. The power system may be electrically
coupled to the coiled wire 24, and the control system may
control currentthat flows, from the power system, through
the coiled wire 24. By controlling the current that flows
through the coiled wire 24, the control system may pro-
duce a magnetic field that moves the mover 14 to a de-
sired location. That is, the magnetic field may apply a
force to the ferromagnetic material of the mover 14 to
move the mover 14 to the location. Depending on the
magnetic field, the ferromagnetic material of the mover
14 may move the mover to a certain location at a certain
speed and/or time.

[0014] FIG. 3 is a perspective view of an assembly of
amover 14 of FIG. 1. The moverincludes a body structure
26 that forms an enclosure. The body structure 26 of the
mover 14 moves from the magnetic field applied to fer-
romagnetic materials within the body structure 26. FIG.
4 is an exploded view of the assembly of the mover 14.
In the illustrated embodiment, the mover 14 includes an
exploded body structure having a first part 32 and a sec-
ond part 34 that form an enclosure over a magnetic struc-
ture 36 having a magnetic subassembly 38. The mag-
netic structure 36 may include one or more features 38
that align with one or more features 40 of the second part
34 of the body structure to secure the magnetic structure
36 with respect to the body structure. That is, the linear
motor system 10 moves the magnetic structure 36 to a
location that depends on the applied magnetic field from
the coiled wire 24. Further, the location of the body struc-
ture on the linear motor system 10 may depend on the
location of the magnetic structure 36 within the applied
magneticfield as well as the location of the body structure
with respect to the magnetic structure 36.

[0015] However, due to the inconsistencies of me-
chanical and magnetic tolerances in parts and sub-
assemblies, the magnetic field produced by the linear
motor system 10 may move each of the movers 14 to
different locations. For example, each magnetic sub-
assembly 38 may be differently sized due to inconsist-
encies in the manufacturing of the magnets of the mag-
netic subassembly 38. The different sizes may result in
the magnetic subassembly 38 being positioned incon-
sistently with respect to the magnetic structure 36. Due
to the positioning of the inconsistent positioning of the
magnetic structure 36, the features that interact with the
features of the body structure may be inconsistently po-
sitioned. As such, it is desirable to position the magnetic
structure on the magnet subassembly in a manner that
centers the magnetic structure on the magnetic field.
[0016] FIG. 5 is a perspective view of an assembly of
part of the mover 14, in accordance with an embodiment.
The assembly includes the magnetic structure 36 and
the magnetic subassembly 38. The magnetic subassem-
bly 38 includes one or more magnets 48. While the illus-
trated embodiment includes five magnets, any suitable
number of magnets may be included. In some embodi-
ments, the magnetic subassembly 38 may form a hal-
bach array in which the magnets augment the magnetic
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field in a first direction and cancel part of the field in an-
other direction. Further, the magnets 48 may be coupled
together (e.g., viaan adhesive, such as an epoxy or glue)
to form the magnet subassembly 38. While these are
provided as examples of the magnets 48 within the mag-
netic subassembly 38, any suitable orientation and com-
bination of magnets may be used.

[0017] In the illustrated embodiment, the magnetic
structure 36 includes a multi-piece assembly disposed
on at least one side of the magnet subassembly 38. The
magnetic structure 36 includes a first side plate 50 dis-
posed on a first lateral side of the magnetic subassembly
38 and a second side plate 52 disposed on a second
lateral side of the magnetic subassembly 38, opposite
the first lateral side. Each of the side plates 50 and 52
may be secured to the respective sides of the magnetic
subassembly 38 (e.g., via an adhesive, such as an epoxy
or glue). The first side plate 50 may include a first set of
tabs 54, and the second side plate 52 includes a second
set of tabs 56.

[0018] In the illustrated embodiment, the magnetic
structure 36 includes a top plate 58. As discussed below,
the top plate 58 is disposed in a position such that the
mover 14 is centered based on the magnetic field. The
top plate 58 includes a first set of lateral slots 60, and the
first set of tabs 54 of the first side plate 50 engage with
(e.g., enter into) the respective slots 60 of the top plate
58 when the plates 50, 52, and 58 are positioned around
the magnet subassembly 38. The top plate 58 includes
a second set of lateral slots 64, and the second set of
tabs 56 engage with (e.g., enter into) the respective slots
60 of the top plate 58 when the plates 50, 52, and 58 are
positioned around the magnet subassembly 38.

[0019] FIG. 6 is an exploded view of the assembly of
the part of the mover 14 of FIG. 5. To make the mover
14 for the linear motion system 10, the magnet sub-
assembly 38 is assembled by securing the magnets with
one another via an adhesive (e.g., epoxy or glue). The
magnetic structure 36 is then disposed on the magnet
subassembly 38 to create a resultant magnetic field with
the magnet subassembly 38. For example, the first side
plate 50 may be disposed on the first lateral side 66 of
the magnetic subassembly 38. The first side plate 50 may
be secured to the first lateral side 66 via an adhesive
(e.g., epoxy or glue). Similarly, the second side plate 52
may be disposed on the second lateral side 68 of the
magnetic subassembly 38. The second side plate 52 may
be secured to the second lateral side 68 via an adhesive
(e.g., epoxy or glue).

[0020] FIG. 7 is atop view of the top plate 58 disposed
on the magnetic subassembly 38. The top plate 58 is
disposed on the magnetic subassembly 38 such that the
magnetic structure 36 creates with the magnetic sub-
assembly 38 a resultant magnetic field. The magnetic
structure 36 is centered on a detected center of the re-
sultantmagneticfield. Thatis, a center 72 of the magnetic
structure 36 may be positioned in a detected center of
the resultant magnetic field. For example, a reference
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feature, such as protrusions 40 or a marking of the center
72, of the magnetic structure 36 may be aligned at a
desired location with respect to a detected center of a
magnetic field of the magnet subassembly or the result-
ant magnetic field.

[0021] By centering the magnetic structure 36 on the
detected center of the resultant magnetic field, the first
part 32 and the second part 34 of the body structure may
be mounted on or with reference to the magnetic structure
to position a physical center of the body structure at ap-
proximately the detected center of the resultant magnetic
field. As such, centering the magnetic structure may en-
able the mover 14 to be located more accurately. For
example, a physical center of the magnetic structure 36
may be located within+/- 0.25 mm (e.g., 0-.25mm) of the
detected center of the resultant magnetic field.

[0022] The slots 60 and 62 of the top plate 58 may form
a gaps 76 and 78 between the respective tabs 54 and
56. The top plate 58 may be moved along the direction
74 by sliding the gaps 76 and 78 of top plate 58 between
the tabs 54 and 56 to center the magnetic structure 36
in the detected center of the resultant magnetic field. Fur-
ther, the top plate 58 may be secured to magnet sub-
assembly via an adhesive (e.g., epoxy or glue) to ensure
the top plate 58 remains centered in the resultant mag-
netic field. By having a multi-piece magnetic structure
36, each of the plates (e.g., first side plate 50, second
side plate 52, and top plate 58) may contact the magnet
subassembly 38 to eliminate clearances and potential
offsets between the magnetic structure 36 and the mag-
net subassembly 38. The slots 60 and 62 of the top plate
58 and the tabs 54 and 56 provide lateral alignment be-
tween the side plates 50 and 52 and the top plate 58. For
example, due to the positioning of the top plate 58, the
multi-piece magnetic structure 36 may allow for pipetting
from sample tubes as small 10 millimeters in diameter.

FIG. 8 is a graph 80 of a magnet array mapping curve
82 having field distances on the X-axis 84 and field
strength on the Y-axis 86. While a two dimensional (2D)
graph is shown, this is meant to be an example, and a
three dimensional (3D) magnet array map may be used.
In the illustrated embodiment, the graph 80 includes a
centerline 90 indicating a center of the magnetic field
produced by the magnet subassembly 38. To center the
top plate 58 of the magnetic structure 36 on the magnet
subassembly 38, a first reference point 92 and a second
reference point 94 may be used to define the centerline
90. For example, the center of the magnetic structure 36
and the magnet subassembly 38 may be located be-
tween a first distance 96 from the first reference point 92
and a matching second distance 98 from the second ref-
erence point 94. The detected center may be determined
by reference to locations where a magnetic field of the
magnet subassembly 38 or the resultant magnetic field
changes polarity. For example, the first reference point
92 and the second reference point 94 may be determined
based on where the magnetic field changes polarity (e.g.,
zero crossing). Centering the magnetic structure 36 on
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the centerline 90 of the magnetic field reduces or elimi-
nates machine, assembly, and magnetic tolerances. By
reducing or eliminating the variance between the parts
and subassemblies, the magnetic structure 36 and the
magnet subassembly 38 may have improved positional
accuracy.

[0023] Further, inthree dimensional embodiments, the
centerline 90 may be a center plane. That is, the magnet
subassembly may include a magnetic field center plane
and the detected center lies in the magnetic field center
plane.

[0024] The magnetic structure 36 may be centered on
the centerline 90 of the resultant magnetic field in which
the magnetic field is a combination of the magnet sub-
assembly 38 and the magnetic structure. For example,
a magnetic field may be formed from the magnet sub-
assembly 38. The magnetic field of the magnet sub-
assembly 38 may be adjusted due to positioning of the
magnetic structure 36 on the magnetic subassembly 38
due to the ferromagnetic materials of the magnetic struc-
ture. By adjusting the magnet subassembly 38 to be cen-
tered on the resultant magnetic field, the body structure
may be mounted on or with reference to the magnetic
structure to position a physical center of the body struc-
ture at approximately the detected center of the resultant
magnetic field. In some embodiments, the detected cent-
er of the magnetic field may be determined by mapping
the magnet subassembly magnetic field prior to assem-
bly of the magnetic subassembly 38 and the magnetic
structure 36. That is, the magnetic feld may be deter-
mined based on the magnet subassembly magnetic field.
[0025] Whileonly certainfeatures of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.

[0026] The following is a list of further preferred em-
bodiments of the invention:

Embodiment 1. A mover for a linear motor system,
comprising:

a magnet subassembly;

a magnetic structure disposed on at least one
side of the magnet subassembly and creating
with the magnetic subassembly a resultant mag-
netic field, the magnetic structure being cen-
tered on a detected center of the resultant mag-
netic field; and

a body structure mounted on or with reference
to the magnetic structure to position a physical
center of the body structure at approximately the
detected center of the resultant magnetic field.

Embodiment 2. The mover of embodiment 1, where

10

15

20

25

30

35

40

45

50

55

the magnetic structure comprises a plurality of
plates.

Embodiment 3. The mover of embodiment 2, where-
in the plates comprise a top plate and two lateral
plates.

Embodiment 4. The mover of embodiment 3, where-
in the top plate comprises lateral slots, and the each
of the lateral plates comprise a tab that enters into
arespective slot of the top plate when the plates are
positioned around the magnet subassembly.

Embodiment 5. The mover of embodiment 2, where-
in the plates are adhesively secured to the magnet
subassembly.

Embodiment 6. The mover of embodiment 1, where-
in the physical center is located within +/- 0.25 mm
of the detected center of the resultant magnetic field.

Embodiment 7. The mover of embodiment 1, where-
in the magnet subassembly comprises a magnetic
field center plane, and the wherein the detected cent-
er lies in the magnetic field center plane.

Embodiment 8. The mover of embodiment 1, where-
in the detected center is determined by reference to
a mapping of a magnetic field of the magnet sub-
assembly.

Embodiment 9. The mover of embodiment 1, where-
in the detected center is determined by reference to
locations where a magnetic field of the magnet su-
bassembly or the resultant magnetic field changes
polarity.

Embodiment 10. A method for making a mover for a
linear magnet system, the method comprising:

assembling a magnet subassembly;

disposing a magnetic structure on at least one
side of the magnet subassembly to create a re-
sultant magnetic field with the magnet sub-
assembly; and

centering the magnetic structure on a detected
center of a magnetic field of the magnet sub-
assembly or the resultant magnetic field.

Embodiment 11. The method of embodiment 10,
comprising mounting a body structure on or with ref-
erence to the magnetic structure to position a phys-
ical center of the body structure at approximately the
detected center of the magnetic field of the magnet
subassembly or the resultant magnetic field.
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Embodiment 12. The method of embodiment 10,
wherein the magnetic structure comprises a top plate
and two lateral plates.

Embodiment 13. The method of embodiment 12,
wherein the top plate comprises lateral slots, and the
each of the lateral plates comprise a tab that enters
into arespective slot of the top plate when the plates
are positioned around the magnet subassembly.

Embodiment 14. The method of embodiment 10,
wherein the magnetic structure is adhesively se-
cured to the magnet subassembly.

Embodiment 15. The method of embodiment 11,
wherein the physical center is located within +/- 0.25
mm of the detected center of the magnet subassem-
bly or of the resultant magnetic field.

Embodiment 16. A method for making a mover for a
linear magnet system, the method comprising:

assembling a magnet subassembly;

disposing a magnetic structure on at least one
side of the magnet subassembly to create a re-
sultant magnetic field with the magnet sub-
assembly;

aligning a reference feature of the magnetic
structure at a desired location with respect to a
detected center of amagnetic field of the magnet
subassembly orthe resultant magnetic field; and

securing the magnetic structure to the magnet
subassembly.

Embodiment 17. The method of embodiment 16,
comprising positioning a body structure to the mag-
netic structure based upon the magnetic field of the
magnet subassembly or the resultant magnetic field.

Embodiment 18. The method of embodiment 16,
wherein positioning of the body structure is deter-
mined based upon a theoretical offset location with
respect to the detected center of the magnetic field
ofthe magnet subassembly orthe resultantmagnetic
field.

Embodiment 19. The method of embodiment 16,
wherein the detected center of the magnetic field is
determined by mapping of the magnet subassembly
magnetic field prior to assembly of the magnet sub-
assembly and the magnetic structure.

Embodiment 20. The method of embodiment 16,
wherein the detected center of the magnetic field is
determined by mapping the resultant magnetic field.
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Claims

1.

A mover for a linear motor system, comprising:

a magnet subassembly;

a magnetic structure disposed on at least one
side of the magnet subassembly and creating
with the magnetic subassembly aresultant mag-
netic field, the magnetic structure being cen-
tered on a detected center of the resultant mag-
netic field; and

a body structure mounted on or with reference
to the magnetic structure to position a physical
center of the body structure at approximately the
detected center of the resultant magnetic field.

The mover of claim 1, where the magnetic structure
comprises a plurality of plates.

The mover of claim 2, wherein the plates comprise
a top plate and two lateral plates.

The mover of claim 3, wherein the top plate compris-
es lateral slots, and the each of the lateral plates
comprise a tab that enters into a respective slot of
the top plate when the plates are positioned around
the magnet subassembly.

The mover of claim 2, wherein the plates are adhe-
sively secured to the magnet subassembly.

The mover of one of claims 1 to 5, wherein the phys-
ical center is located within +/- 0.25 mm of the de-
tected center of the resultant magnetic field.

The mover of one of claims 1 to 6, wherein the mag-
net subassembly comprises a magnetic field center
plane, and the wherein the detected center lies in
the magnetic field center plane.

The mover of one of claims 1 to 7, wherein the de-
tected center is determined by reference to a map-
ping of a magnetic field of the magnet subassembly;
or

wherein the detected center is determined by refer-
ence to locations where a magnetic field of the mag-
net subassembly or the resultant magnetic field
changes polarity.

A method for making a mover for a linear magnet
system, the method comprising:

assembling a magnet subassembly;

disposing a magnetic structure on at least one
side of the magnet subassembly to create a re-
sultant magnetic field with the magnet sub-
assembly; and

centering the magnetic structure on a detected



10.

1.

12.

13.

14.

15.

11 EP 3 285 379 A2 12

center of a magnetic field of the magnet sub-
assembly or the resultant magnetic field.

The method of claim 9, comprising mounting a body
structure on or with reference to the magnetic struc-
ture to position a physical center of the body structure
at approximately the detected center of the magnetic
field of the magnet subassembly or the resultant
magnetic field; or

wherein the magnetic structure comprises a top plate
and two lateral plates.

The method of claim 10, wherein the top plate com-
prises lateral slots, and the each of the lateral plates
comprise a tab that enters into a respective slot of
the top plate when the plates are positioned around
the magnet subassembly.

The method of one of claims 9 to 11, wherein the
magnetic structure is adhesively secured to the mag-
net subassembly.

The method of one of claims 10 to 12, wherein the
physical center is located within +/-0.25 mm of the
detected center of the magnet subassembly or of the
resultant magnetic field.

A method for making a mover for a linear magnet
system, the method comprising:

assembling a magnet subassembly;

disposing a magnetic structure on at least one
side of the magnet subassembly to create a re-
sultant magnetic field with the magnet sub-
assembly;

aligning a reference feature of the magnetic
structure at a desired location with respect to a
detected center of a magnetic field of the magnet
subassembly orthe resultant magnetic field; and
securing the magnetic structure to the magnet
subassembly.

The method of claim 14, comprising positioning a
body structure to the magnetic structure based upon
the magnetic field of the magnet subassembly or the
resultant magnetic field; or

The method of claim 16, wherein positioning of the
body structure is determined based upon a theoret-
ical offset location with respect to the detected center
of the magnetic field of the magnet subassembly or
the resultant magnetic field; or

The method of claim 16, wherein the detected center
of the magnetic field is determined by mapping of
the magnet subassembly magnetic field prior to as-
sembly of the magnet subassembly and the magnet-
ic structure; or

The method of claim 16, wherein the detected center
of the magnetic field is determined by mapping the
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resultant magnetic field.
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